Abstract Polycyclic aromatic hydrocarbons of tobacco require activation by phase I enzymes, such as cytochrome-P4501A1 (CYP1A1) to become an ultimate carcinogen, which are subjected to detoxification by phase II enzymes, especially glutathione S-transferases (GSTs). A study was designed to find whether genetic predisposition are risk modifiers of oral pathologies. The study included 102 cases with Oral Cancers (OCs), 68 cases with nonmalignant pathologies, 100 cases as control group. GSTM1 null genotype was associated with increased risk of OCs but not with benign pathologies. Deleted GSTT1 was associated with all pathologies. Both m1m2 and m2m2 polymorphisms of CYP1A1 were associated with oral pathologies.
Introduction
Cancers of the oral cavity rank as the eighth most common cancer among men, being responsible for 3% of the cancers diagnosed in this gender. Mortality rates are substantially lower than incidence rates. According to the World Health Organization (WHO) data, the standardized mortality rate for 2002 was 2.2 deaths per 100,000 population. Oral cancer (OC) is one of the leading cancers in most Asian countries [1] . In another study the prevalence of head and neck cancers was found to be significantly high at 54.48% in the population of North-Eastern India. The prevalence is more in males than females. The increasing number of Head and Neck Cancer cases is a cause of major concern as it is associated with high morbidity and mortality in a sizeable population [2] .
Human cancer risk is associated with exposure to exogeneous or endogeneous carcinogens. This can be modified by genetic variations in metabolic detoxification mechanisms [3] . The environment-gene interaction on carcinogenesis has been well demonstrated by phase I and II enzymes that are involved in the metabolism of carcinogens. Some of these enzymes are polymorphic in genotypes, with corresponding variation in their activities. The phase I enzymes, CYPs activate many environmental procarcinogens by adding or exposing their functional groups [4] . Most polycyclic aromatic hydrocarbons first require activation by phase I enzymes, such as cytochrome P4501A1 (CYP1A1) to become an ultimate carcinogen. These activated forms may be subjected to detoxification by phase II enzymes, especially glutathione S-transferases (GSTs) [5] . GSTs play a role in detoxification of a variety of endogenous and exogenous electrophilic compounds, such as the removal of reactive oxygen species and regeneration of S-thiolated proteins that are products of oxidative stress and the detoxification of carcinogenic compounds [6] . Eight distinct classes of the soluble cytoplasmic mammalian GST have been identified: alpha, kappa, mu, omega, pi, sigma, theta and zeta [7] . Several studies have shown that GSTM1 polymorphism is associated with an increased risk of lung, bladder, gastric, colorectal, skin, laryngeal cancer preoperatively or postoperatively [8] . GSTT1 is involved in the biotransformation of several low molecular-weight toxins, such as methylhalogenids or ethylene oxide, part of the population lacking this enzyme might be more susceptible to smoking or alcohol-related cancers [9, 10] .
The term 'leukoplakia' describes a white plaque that does not rub off and cannot be clinically identified as another entity. Most cases of leukoplakia are a hyperkeratotic response to an irritant and are asymptomatic, but about 20% of leukoplakic lesions show evidence of dysplasia or carcinoma at first clinical recognition is sometimes used to indicate a premalignant condition [11] . The premalignant or malignant potential of lichen planus is in dispute. Some believe that the occasional epithelial dysplasia or carcinoma found in patients with this relatively common lesion may be either coincidental or evidence that the initial diagnosis of lichen planus was erroneous [12] . The present study categorizes the different types of oral pathology as cancerous group including frank cancerous lesions and leukoplakias and other oral pathology group that includes traumatic oral ulcers, benign oral lesion; unknown white patches and lichen planus. The aim of the study was to find association of deletions of GSTM1 and GSTT1 genotypes and presence of m2 allele of CYP1A1 gene in the development of OCs and their modification of tobacco and alcohol.
Materials and Methods

Study Cases
The study recruited 170 cases (102 cases with cancerous and precancerous oral lesions and 68 cases with nonmalignant oral lesions) attending the outpatient department of Department of Oral and Maxillofacial Surgery and Dental Clinic of Ramakrishna Mission Seva Pratishthan hospital from May, 2007 to March, 2009. Cases with minor oral problems, e.g. stained teeth, oral infection were excluded from the study. Age and sex matched normal control group comprising of 100 individuals with no oral pathology were taken for the study from the respective outpatient departments. All subjects were clinically checked and histologically confirmed. All participating subjects were given questionnaire to have information regarding their life-style, tobacco and alcohol intake and other ailment. Informed written consent was obtained from all individuals. All the study subjects were Bengali, Indian and belonged to the same ethnic group. The study protocol was approved by the ethical and research advisory committee of the institution.
DNA Polymorphism
An aliquot of blood (2-3 ml) was collected from anticubital vein of the subjects in a 5 ml EDTA vacutainer. DNA was isolated from the peripheral leukocytes using standard salting out method [13] . Fifty to 100 ng of DNA were amplified in a total volume of 25 ll containing 10 mM Tris/HCl pH 9.0, 2 mM MgCl 2 , 200 lM of deoxynucleotide triphosphate, 1 lM of each primer, and 0.2 units of Taq polymerase.
CYP1A1 Gene
Different polymorphisms of CYP1A1 were identified by PCR amplification followed by digestion with MspI restriction enzyme. The enzyme detects the substitution of CCGG for CTGG in MspI site. The PCR cycle involved 30 cycles of the following condition: 1 min denaturation at 95°C; 1 min annealing at 57°C; 1 min primer extension at 72°C. Amplified fragments were digested with 2U MspI per reaction for 2-4 h at 37°C. Digested products were electrophoresed in 2% agarose gel (100 V, 45 min). Genotypes of all individuals were noted as m1m1: 1078 bp; m1m2: 1078 bp, 878 bp; 200 bp; m2m2: 878 bp; 200 bp [14, 15] .
GST Gene
GSTM1 (220 bp) and GSTT1 (450 bp) portions were co-amplified with b-globin (268 bp) using a multiplexing PCR programme of 35 cycles with 1 min denaturation at 94°C; 1 min annealing at 62°C; 1 min primer extension at 72°C. Amplified PCR fragments were visualized into an ethidium bromide-stained 2% agarose gel after electrophoresis (100 V, 1.0 h). Absence of 220 and 450 bp portions implied GSTM1 and GSTT1 null genotypes, respectively. Subjects with all fragments were non-null genotypes [16] .
All the results were checked twice in double blind.
Statistical Analysis
The relationships between OCs and other oral pathologies and relevant risk factors were analysed using OR and their 95% CIs derived from stepwise logistic regression analysis using SPSS version 14.0 software. The categorizations of several forms of tobacco and alcohol intake were based on various published literatures and general distribution among the population controls. Crude ORs were calculated for every independent variable. From prior knowledge of risk factors for OCs, various confounding factors, e.g. age, sex, tobacco habit etc. were adjusted in logistic regression model when adjusted ORs were calculated. To examine the interaction between environmental and genetic factors, stratification analyses of OC risk associated with CYP1A1, GSTM1 and GSTT1 were carried out by betel quid chewing and alcohol drinking. In the final multiple logistic regression analysis, age, ethnicity, alcohol drinking, combined GSTM1/GSTT1 genotypes and a combination of CYP1A1 genotype and mixed oral habits were included. Differences in genotypic frequencies distribution between diseased and control groups was done using 2 9 2 contingency v 2 test. All statistical tests were based on two-tailed probability.
Results
Different demographic characteristics of the subjects are summarized in Table 1 . None of the study groups showed significant differences in smoking habit (cigarettes/day) and other life style factors. In each of the study groups the male participants were significantly higher in number in comparison to female ones. The study cases except the healthy controls were addicted to different forms of tobacco and alcohol. 50.04 and 48.53% were the bidi (a dry rolled temburni leaf containing fine tobacco dust) smokers, 82.35% were cigarette smokers, 71.57 and 52.94% were addicted to raw tobacco among the OCs and other pathology study groups, respectively. Majority of the study cases except the healthy controls were addicted to mixed (bidi, cigarette, tobacco etc. together) and other oral habits, e.g. catechu, zarda (flavoured tobacco) etc. The mean of smoking or other oral habits was [7 times/day. Among all the study cases 52.56% were well-employed, 0.23% were daily wage earners, 7.76% were small-scale businessmen and 39.45% were housewives irrespective of age and sex. It was confirmed from the life-style factors that none of the subjects were occupationally exposed to the carcinogens. We did not find any association of educational and economic background of the subjects with the studied pathologies.
The buccal cavity was found to be the principle site for the onset of cancerous lesions among the studied cases followed by tongue, cheek and other portions. Squamous cell carcinoma was the most common histological type. The nonmalignant study cases were mostly affected with benign ulcers and lichen planus (Tables 2, 3 ). The prevalence of studied genotypes were compared with the cancer cases with different stages (Duke's classification system) of the disease (Table 4) . None of the studied cases had the history of recurrence of malignancy at any part of the body. No case died during the period of observation. None of the studied polymorphisms were associated with the development of OCs of certain histological stages.
The distribution of the GSTM1, GSTT1 and CYP1A1 genes in the study group with different oral pathology is summarized in Table 5 . Differences in studied polymorphisms in the subjects showed that GSTM1 null genotype was strongly associated with development of OCs and not associated with the other pathology group. Null GSTT1 gene distribution was significantly associated with OCs (OR: 1.5; CI: 5.47-0.41), showing less association with the other pathology group (OR: 1.10; CI: 5.05-0.24). No association was noted with any kind of pathology in absence of both GSTM1 and GSTT1 genes. The presence of both GSTM1 and GSTT1 genes was observed less frequently in nonmalignant group as compared to malignant group. Both m1m2 and m2m2 genotypes were found to be strongly associated with the development of all kind of oral pathologies. From all data, it is evident that null genotypes of GSTM1, GSTT1 and m1m2, m2m2 polymorphisms of CYP1A1 are the risk factors of the OCs as compared to the healthy control group in the studied population.
The interactions among GSTM1, GSTT1 and CYP1A1 polymorphisms and different forms of tobacco use and alcohol intake with the risks of malignant and nonmalignant oral pathologies are summarized in Tables 6, 7 , 8 and 9. In case of GSTM1 deleted individuals the OR for heavy cigarette smokers ([35 sticks per day) was 3.038 (95% CI: 6.268-1.472), i.e. 5.9 times higher than for moderate smokers (\35 sticks per day) (OR: 0.512; CI: 1.148-0.228). Moderate bidi smoking (\35 sticks per day) was associated with OCs (OR: 11.55; CI: 39.81-3.35) and other pathologies (OR: 21.621; CI: 7.87-5.94). No significant association was found among the GSTM1 deleted individuals with nonmalignant pathologies with any dose of cigarette smoking and smokeless tobacco intake. GSTM1 null genotypes present in OCs were significantly associated with smokeless tobacco intake in heavy ([10 times per day) and moderate doses (\10 times per day). On the other hand moderate chewing habit (ten times per day) was found to be more associated than the OC individuals with heavy chewing habits ([10 times per day). In case of GSTT1 deleted individuals, no association of cigarette smoking was found with any oral pathology. Moderate bidi smoking (\35 sticks per day) was found to be more significantly associated with the development of oral lesions in comparison to heavy bidi smoking ([35 sticks per day) in GSTT1 null cases, which is found to be contrary to our hypothesis. This result may change if analysed with more cases in this group. Smokeless tobacco intake was found to be associated with OCs in GSTT1 null cases in both heavy (OR: 1.364; CI: 2.678-0.694) and moderate exposure (OR: 1.535; CI: 3.18-0.741), but not with other pathology. Alcohol intake in all doses was found to be risk factors of and studied genotypes by a second stratification analysis (data not shown).
As expected, the combination of studied genotypes with both smoking and drinking alcohol showed increased risks for developing OCs. Stratified with null GSTM1 and GSTT1 genotypes to analyze the distributions of CYP1A1 genotypes in cases and controls, the data in Table 10 shows that there were no significant differences in the respective cases and controls of the different CYP1A1 genotypes in the absence of GSTM1 and GSTT1 genes. There was also not any apparent effect when both GSTT1 and GSTM1 genes were absent.
Discussion
Several studies have been undertaken to examine the association among CYP1A1, GSTT1 and GSTM1 null polymorphisms, as well as oral, pharyngeal and various forms of head and neck cancers in India [16] [17] [18] [19] . To the best of our knowledge our study traces out the status of the same correlations even with the nonmalignant oral pathologies along with the OCs in the Bengali population of India. Acting in concert with individual susceptibility, environmental factors such as smoking, diet, and pollutants play a role in most human cancers [11] . Our study reveals the comparison of polymorphisms of certain genotypes in different type of oral pathology. Several reports have been published ascertaining the positive and negative correlations of the studied genetic polymorphisms in the carcinogenesis of oral and head and neck cancers.
Extensive consumption of tobacco and/or alcohol is regarded as risk factors for head and neck cancer. Cigarette smoke contains several (pre)carcinogenic compounds [20] . Recent studies have revealed mutagenic effects of alcohol on human chromosomes in vitro [21] . Betel quid chewing, cigarette smoking and alcohol drinking are the major risk factors for OC in Taiwan. In this study, the three habits all increased the risk of developing OC [21] . The ORs were somewhat similar or even more in some cases to those reported previously [22, 23] . We found that only extensive ([35 sticks per day) cigarette smoking induces the susceptibility of OCs having no effects on NMPs. As per cigarette smoking is concerned our results partially support some of the previous works [21, 22, 24] . Intake of alcohol was found to be strongly associated with every kind of oral pathologies (Tables 6, 7, 8) . Some study support our data [15, 17, 25] and others do not [16, 26] .
Most chemical carcinogens in environment are procarcinogens and aromatic hydrocarbons. They need to be activated to reactive electrophilic forms by type II metabolic enzymes like CYP450s by initiating the carcinogenesis. Again the reactive electrophilic forms of carcinogen can be detoxified and excreted by type I metabolic enzymes such as GSTM1 and GSTT1. According to the literatures available the increase of activity of type II metabolic enzymes and/or decrease of activity of types I metabolic enzymes can increase the risk for cancer [27, 28] . In addition to polymorphisms in phase II enzymes, genetic polymorphisms in the phase I enzyme cytochrome P4501A1 gene were correlated with an elevated risk of susceptibility to chemical carcinogenesis [29] . Negative correlations were also ascertained by some study [30] . GSTM1 is involved in the detoxification of tobaccorelated carcinogens, such as epoxides and hydroxylated metabolites of benzo [a] pyrene. Approximately 45% of the white population lacks a functional allele. In other ethnic groups, this proportion may be much higher. We observed a strong effect of GSTM1 deletion on OC risk, with those having GSTM1 deletion exhibiting a significantly increased risk (OR: 4.06; CI: 7.54-1.75), but the same did not induce the susceptibility to NMPs. Tobacco significantly modified this susceptibility (Table 6 ). This is consistent with prior works [31, 32] . Deletion of GSTT1 gene also increased the risk of OCs by 50% (OR: 1.5; CI: 5.47-0.41) and the NMPs by 10% (OR: 1.10; CI: 5.05-0.24). We did not observe a protective association of the GSTT1 deletion with OC and NMP risks. Further stratification analysis of OC risk associated with GSTM1 and GSTT1 did not show any significant interaction between GST genotypes and the habits of alcohol drinking and betel quid chewing. The genotypes of mlm2 or m2m2 were associated with a significantly increased both OC and NMP risk compared with the mlml genotype among controls.
Combined analysis of GSTM1 and GSTT1 polymorphisms demonstrated a statistically significant impact on head and neck carcinogenesis [30, 33] . There are also evidences of negative correlations in combination analyses [34, 35] . However, no relation between polymorphisms of combined GSTM1 and GSTT1 null genotypes was found with nonmalignant oral lesions in the present study.
Few studies have also been carried out on Indian population earlier. Most of them were hospital-based case-control studies. The earliest study [20] showed a pretty high association in the development of precancerous oral lesions. A study on South Indian population [11] found the significantly higher distribution of CYP1A1 m2 (Ile/ Val) genotypes and significantly higher deletion frequencies of GSTM1 (49%) and GSTT1 (18%) genes among OCs. Another study reported strong associations of the same polymorphisms among OCs, leukoplakia and submucous fibrosis patients, but the degrees of associations were lower than the earlier studies [18] . The same study was carried out on the Bengali population of Eastern India taking OCs and Leukoplakias into account also showed significant associations in this regard [19, 34] . Our study apart from the NMPs also showed similar associations.
In summary, we found tobacco smoking, CYP1A1m2m2 genotype; GSTM1, GSTT1 deletion genotypes had associations with OCs in the studied population. Gene-environment interaction analysis proved that tobacco smoking had synergistic interactions with CYP1A1m2m2 genotype and with GSTM1, GSTT1 deletion genotypes. Of the studied genotypes, only the GSTT1 null genotype might be of use in differentiating between (developing) OC and other pathologies.
Irrespective of several cautions in order to have a clear picture in this regard our study has some limitations. We have analysed the population only with 102 representing cases of OCs. However, for cancers with a low incidence such as oral ones, 102 cases should be a relatively good number. Another fact is that our study was hospital-based and could result in biased selection in place of random sampling. It has been suggested that studies with hospital controls can provide lower risk estimates, since diseases of controls could be associated with the polymorphisms under study, previous meta-and pooled analysis assessed that these polymorphisms on head and neck cancers found no differences for hospital-based studies in relation to population-based studies [35, 36] .
In comparison to other body sites, the mouth permits noninvasive, repetitive examinations in longitudinal studies of tobacco-associated acute and chronic diseases. So, the 
